Review of Metanotal Sculpture of Aphidiine Wasps (Hymenoptera, Braconidae, Aphidiinae). Kaliuzhna, M. O. -Morphological data on metanotal sculpture of aphidiine wasps (Hymenoptera, Braconidae, Aphidiinae), are reviewed based on the specimens collected in Ukraine. Specimens of 20 species of 13 genera were studied using light and scanning electron microscopy. Diff erences in menatonal morphology appear diagnostic for some genera or generic groups, such as tribes and subtribes. Seven general types of metanotal sculpture were distinguished. Th e proposed diagnostic characters are: the relative proportions of the metanotum and its parts (metascutellum, metascutellar arms), the shape and setation of the metascutellum, the number and form of the carinae arising from the base of metascutellum toward the mesoscutellum. To facilitate describing the structure of the metanotum in Aphidiinae, following measurements were established: the length and width of the metanotum and the metascutellum, the length of the metascutellar arms. Th e discovered characters could be used as additional diagnostic tools for aphidiine identifi cation, and perhaps also in studies on their evolution and phylogeny.
Introduction
Aphidiinae is a subfamily of Braconidae (Hymenoptera) specialized solitary aphid endoparasitoids. Th ey play an important role in regulation of aphid population growth in natural ecosystems and agricultural landscapes. Some species are widely used as agents for aphid biocontrol (Davidian, 2007; Krasavina et al., 2008; Starý, 1970; Tobias, Kiriyak, 1986) .
Identifi cation of aphidiine wasps by morphological characters is occasionally problematic, due to variability of established diagnostic characters. However, their proper taxonomy is critical for solving problems of aphidiine biology, ecology and distribution of certain species as well as for practical purposes: e. g., mass production and eff ective releases of parasitoids in agroecosystems. Main taxonomic characters used in the aphidiine identifi cation keys are forewing venation pattern, morphology and chaetotaxy of antennae, shape of petiole, shape of ovipositor sheaths, proportion and sculpture of propodeum, proportion and chaetotaxy of head, mesoscutum and rarely, legs (Davidian, 2007; Starý, 1970; Tobias, Kiriyak; 1986) . Despite the number of established diagnostic characters, there is still a demand for new informative morphological characters for the species identifi cation. In addition, new morphological characters may shed light on evolutionary and phylogenetic relationships within Aphidiinae (Quicke, 2015) .
Th e aim of this study was a comparative review of aphidiine morphology, especially the body parts being traditionally neglected and rarely used in aphidiine taxonomy. Th e metanotum (the dorsal sclerite of metathorax, a part of mesosoma) was found to be one of such neglected body parts.
No studies had been conducted so far on the sculpture of aphidiine metanotum. Some illustrations of the metanotum were shown in the images of the propodeum (Kiriyak, 1977; Tobias, Kiriyak, 1986; Tomić et al., 2005; Tomanović et al., 2009 ), but not discussed. So, our study aimed, fi rst of all, to constitute a preliminary background for further studies of metanotal variability among various genera and in less extent between species.
(Haliday, 1833), Trioxys cirsii (Curtis, 1831), Trioxys curvicaudus Mackauer, 1967 , Trioxys pallidus (Haliday, 1833 . Th e specimens were collected by sweeping in various regions of Ukraine or reared in laboratory from infested aphids collected in a fi eld. Material was collected by author and colleagues from I. I. Schmalhausen Institute of Zoology, NAS of Ukraine (SIZK).
Morphological characters of the metanotum were examined on permanent Canada balsam microscopic slides under upright Olympus CX41 microscope with mounted camera Olympus C3040 (in SIZK), and also using the Scanning Electron JEOL JSM-6480LV Microscope (in the Royal Museum for Central Africa, Tervuren, Belgium), totally for 34 specimens. Some images were obtained at diff erent focal distances and then stalked in CombineZP programme. All photos were processed in GIMP 2.8.8. Th e phylogeny follows Belshaw and Quicke (1997) .
Th e morphological terminology follows the Hymenoptera Anatomy Ontology (HAO, Yoder et al., 2010) . According to HAO, the metanotum comprises three main elements (fi g. 1, 1): 1) the metascutellum (MtSc), the more or less noticeable tubercle located posteromedially on the metanotum; 2) the metanotal troughs (MtT), slightly concave lateral parts of metanotum, usually smooth or slightly sculptured; 3) the metascutellar arms (MtA), transverse protuberances on posterior margin of metanotum, which are delimited medially by the metascutellum, and laterally by the supraalar area. Also, we distinguish the carinae (C), arising from the anterior border of the metascutellum, and areolae (A), the areas delimited by these carinae. To facilitate describing the structure of the metanotum in Aphidiinae, we propose the following measurements: the length of the metanotum (a), the length of the metascutellum (b), the width of the metascutellum (c), the length of the metascutellar arms (d) and the width of the metanotum (e) (fi g. 1, 2).
Results
Our study on the sculpture of the metanotum of aphidiines has revealed some remarkable diff erences between the studied taxa. Th ese diff erences appear diagnostic for some genera or generic groups, such as tribes and subtribes (fi g. 2). According to the level of the metanotum development, we recognize seven general types of metanotal sculpture: 1) one for Ephedrini (Ephedrus, Toxares) (fi g. 2, 1, 2); 2) one for Praini (Praon, Areopraon) (fi g. 2. 3, 4); four for Aphidiini: 3) for Aphidius, Diaeretiella (fi g. 2, 5, 6), 4) for Adialytus, Lysiphlebus (fi g. 2, 7-10), 5) for Protaphidius (fi g. 2, 11), 6) for Pauesia (fi g. 2, 12); 7) one for Trioxini (Trioxys, Binodoxys, Lipolexis) (fi g. 2, 14-18). Th e diff erences include: shape and proportions of the metanotum and its parts; presence, number and form of the carinae arising from the metascutellum; chaetotaxy of the metanotum. S h a p e a n d p r o p o r t i o n s o f t h e m e t a n o t u m a n d i t s p a r t s Th e metanotum is generally uniform across the subfamily: more or less transverse, being much wider than long (fi g. 2). Long enough metanotum of P. abietis is near 3 times as wide as long medially (fi g. 1, 2, e/a; fi g. 2, 12), while the same measurement in much shorter metanotum of Binodoxys spp. is 4. 4-4.5 (fi g. 2, 16, 17) .
In the center of metanotum, the metascutellum can occupy almost the entire length of the metanotum (Adialytus, Diaeretiella, Lysiphlebus) (fi g. 2, 6-10) or more oft en only a part of it (Aphidius, Areopraon, Binodoxys, Ephedrus, Praon etc.) (fi g. 2, 1-5, 11-18) . Th e metascutellum more oft en has transverse shape (fi g. 2, 1, 3, 4, 6-11, 13-18) . Among studied species, the metascutellum is longer then wide only in T. deltiger, A. ervi, P. abietis (fi g. 2, 2, 5, 12). Th e metascutellum is generally relatively longer than metascutellar arms if compared. Th e MtSc/MtA medium length (fi g. 1, 2, b/d) varies from 1.8 in E. plagiator (fi g. 2, 1) or P. wissmannii (fi g. 2, 11) up to 3.5-3.6 times in T. deltiger (fi g. 2, 2) and L. gracilis (fi g. 2, 18), to 4.5 times in P. abietis (fi g. 2, 12) and even nearly 5 or more times in T. curvicaudus (fi g. 2, 14) . If the metascutellum occupies not an entire length of the metanotum, then some carinae usually arise from its anterior border. P r e s e n c e , n u m b e r a n d f o r m o f t h e c a r i n a e a r i s i n g f r o m t h e m e t a s c u t e l l u m Th e metanotum of the representatives of the genera Ephedrus and Toxares (Ephedrini) (fi g. 2, 1, 2) is characterized mainly by three carinae arising radially from the base of the metascutellum and delimiting two areolae in the proximal area. In E. validus and E. persicae we registered only two carinae, which is also confi rmed by images of other authors (Kiriyak, 1977 , Tomanović et al., 2009 ). In the genera Praon and Areopraon (Praini) (fi g. 2, 3, 4) the metanotum bears two carinae, running almost parallel from anteriolateral sides of metascutellum to the base of metanotum and delimiting one areola proximately to the metascutellum.
Th ere are a few types of metanotum sculpture within Aphidiini. Th e representatives of Aphidius and Diaeretiella have no distinct areolae situated proximately to the metascutellum. Th e area above the metascutellum is slightly elevated upon the metanotal troughs (fi g. 2, 5, 6), and one or two tiny depressions are noticeable there. Th ese depressions may happen to be the remains of the reduced areolae.
Th e metascutellum occupies almost the entire length of the metanotum and bears no carinae in the representatives of the genera Adialytus and Lysiphlebus (fi g. 2, 7-10). However, the metascutellum of P. wissmannii (fi g. 2, 11) is almost as long (fi g.1, 2, b) as the metascutellar arms (fi g.1, 2, d), and its proximal side is bearing 6-7 tiny carinae. Th e metascutellum of P. abietis occupies nearly a half of the metanotal length, although it is not bearing any clearly visible carinae (fi g. 2, 12) .
Th e metascutellum of Trioxinі, for instance, the species of Trioxys (fi g. 2, 13-15), is nearly rounded and is bearing three carinae arising radially from its anterior border. Sometimes, the median carina is somewhat reduced (fi g. 2, 15). In Lipolexis (fi g. 2, 18), the metascutellum is also somewhat rounded, and is bearing two short carinae. In the Binodoxys, the metascutellum is transversely elongated, and is bearing three or more carinae (fi g. 2, 16-17) .
C h a e t o t a x y o f t h e m e t a n o t u m
Th ere are also some diff erences in the chaetotaxy of the metanotum of Aphidiinae. Th e metascutellum of Ephedrini is bearing a few setae (fi g. 2, 1), or is nearly bare in Aphidiini and Trioxini (fi g. 2, 5-10). Otherwise, in Praini it is generally densely pubescent (fi g. 2, 3). Also, there are a few setae mostly on anterior (Ephedrini, Praini, Trioxyni) (fi g. 2, 1-4, [14] [15] [17] [18] or anterolateral (Aphidiini) (fi g. 2, 7-9, 12) margins of metanotum.
Discussion
As it was stated above, the metanotum attracted far less attention by the aphidiine experts, if compared with other body parts of these insects. Th e lack of such attention to this sclerite can be explained by some diffi culties in its observation: small body size of aphidiine wasps and their metanotum as well; partial coverage by mesonotum; traditional pointmounting of these insects on the side of their thorax that can reduce metanotum visibility (hiding by hind wing or entomological glue). We tried to constitute a background for further studies of metanotal morphology. Herein, we proposed some preliminary types of the menatonal structure of aphidiine wasps and measurements to facilitate its describing.
On our opinion, found diff erences in metanotal structure in most cases refl ect established phylogenetic relationships among aphidiines on tribes and subtribes level. Ephedrini (Ephedrus, Toxares) as the basal tribe has most complete sculpture of the metanotum including usually three carinae and two areolae. Th e most noticeable diff erence between Ephedrus and Toxares is proportion of the metanotum parts, especially the metascutellum (fi g. 1, 2, a/b, b/c, b/d, a/e, fi g. 2, 1, 2). Praini (Praon, Areopraon) has also unifi ed sculpture with two carinae and one areola, and very similar proportions of metanotum parts (fi g. 2, 3, 4) . Densely pubescent metascutellum seems to be diagnostic for Praini as well. Among tribe Aphidiini we recognize four types of metanotum sculpture, which mostly correlate with subtribe division (fi g. 2, 5-12) . Similar characters are clearly visible within subtribes Aphidiina (Aphidius, Diaeretiella) (fi g. 2, 5, 6) and Lysiphlebina (Lysiphlebus, Adialytus) (fi g. 2, 7-10). However, studied specimens of Protaphidina (Protaphidius, Pauesia) (fi g. 2, 11-12) show signifi cant diff erence in metanotal sculpture that can support the idea of more independent evolutionary position of Protaphidius (Starý, 1970 , Sanchis et al., 2000 or its connections with Trioxini (Davidian, 2010) . Representatives of Trioxini (Trioxys, Binodoxys, Lipolexis) (fi g. 2, 13-18) have clearly visible common characters: rounded more or less transverse metascutellum, distinctly longer than metascutellar arms, with three (rarely two) or usually more carinae, arising radially from anterior border of the metascutellum. Th ereaft er some subtypes of metanotal sculpture may be distinguished within proposed types, on the basis of more detailed study of proportions of metanotal parts and chaetotaxy of this sclerite.
Th is fi rst preliminary analysis of the morphological variability of the metanotum in Aphidiinae, is expected to be expanded further when more taxa from diff erent regions are studied. Th ere is a need for further development of proposed measurements system for the aphidiine metanotum. Among diffi culties, we can mention measurement of the length of the metanotum (fi g. 1, 2, a), because this sclerite is oft en covered by mesoscutellum, and measurement of the length of the metascutellum (fi g.1, 2, b), because in some genera it has no distinct margin. We think that chaetotaxy of the metanotum may be useful as an additional diagnostic character, particularly setation of the metascutellum. Study of setae localization on anterior and anterolateral margin of metanotum may reveal some results in future. Research that is more detailed is needed to check variability of newly observed morphological characters among genera and within aphidiine genera at species level, as a next important step of this research.
My sincere thanks are due to A. G. Kotenko and A. V. Gumovsky (SIZK) for consultations, and to all colleagues, who collected and granted the material for this study. Special thanks are due to A. V. Gumovsky for SEM imaging and to E. S. Kobzev for extensive support of this research. Th e author is very grateful to the two reviewers for their evaluation of this work and for proposed corrections to improve the paper.
